
UNCLASSIFIED

AD NUMBER

AD843862

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Foreign
Government Information; DEC 1967. Other
requests shall be referred to Department
of the Army, Fort Detrick, Attn: Technical
Release Branch/TID, Frederick, MD 21705.

AUTHORITY

SMUFD D/A ltr, 15 Feb 1972

THIS PAGE IS UNCLASSIFIED



TRANS.ATI'N N

DATE:

DDC AVAILABILITV NOTICE

Reproduction of this publication in whole or in part

i- prohibited. :-o~ever, DDC is authorized to
reproduce the publication for United States

Government purposes.

only n

DEPARTMENT OF THE ARMNL
Fort Detrick

Frederick, Maryland



FIDEUIOLOOT AND LABORATORT DIAGNOSIS
OF DOMESTIC PUUIcART MCOSES

(isperglfloeja, Mucormycoeis,
Cryptococcosis end Candidiasis)

Praxis H. J. Scholer
TF-ice)
5h (39), 1965
Pages I118-112h

ABSTRACT

Review of the epidemiology and laboratory diagnosis of the four
bronchopulmonary wycosa vi.ich occur with appreciable frequency in
Switzerland. Emphasis is placed cn the importance of wicroscopic examina-
tion of fresh material which shouldc be performed in the clinical laboratory.
Coordination of the efforts of clinicians, serologists and uycologists is
recormended in order to improve the diagnosis of bronchopulmonary candi-
diasis. The report lists the sources of available skin-test antigens
and the laboratories accepting sera or serological tests, includibg those
for the more important extra-european pulmonary mycoses.

Habitat of Pathogens and Epidemiology

None of the pulmonary mycoses can be regarded as contagious.
Except under very extreme conditions, transmission from man to man or
from animal to man does not occur. With the exception of candidiasis,
infection arises from exogenous sources.

Aspergillus fumigatus is one of the most common lub moulds. The
very light spores, highly resistant to dehydration, are found everywhere
in the air, even in large cities, with seasonal peaks in late fall and
winter (Ref. 27). The fungus itself vegetates by preferences on straw
or hay and other slowly decosoeing vegetative material. Highly resistant
to heat, it Is not affected but rather favored by the so-called spontaneous
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heating of such material (Ref. 18). The air in barns, grain silos, etc.,
is frequently amply charged with spores. Although bronchopulmonary In-
fection of man is due to inhalation of the spores, the risk of infection
is relatively low even under intense erposure. A certain occupationaldisposition of farmers, ilo1 workers and others for prinmr pulmonary
aspergillosis is unmistakable and should be taken into account in rela-
tion to Workman's Compensation (Ref. 9). Hovever, this is much le~s
frequent than might be expected. If sensitivity exists, the relativcly
less exposed urban dweller appears to be infected as easily as the rural
dweller. In other words, reduced local or general resistance of the
host -- e.g., pulmonary tuberculosis, leukemia, corticosteroid treatment --

is the decisive factor in many cases. Such pulmonary aspergillosis should
be considered as secondary.

A limited occupational disposition should also be considered for
some non-agricultural occupations such as workers in flour mills (Ref. 26)
and furriers (Refs. 22, 41). Pulmonary aspergillosis of pigeon breeders
and wig makers in Paris (Ref. 32) now appears to be merely of historic
interest.

Aspergillus flowers, A. niger, A. nidulans and some other species
of the family aspergillus which -- much less frequently than A. fumigatus --

may cause pulmonary v cosis, have similar habitats and basically the same
epidemiology.

Pathoens of the mucorwcosis are thermophile or thermotolerant
club roulds (Iucoraceae) fron the families Absidia, Rhizopus and Yucor
(important pathogenically: Abidi corymbifera, Rhizopus oryzae, Mucor
pusillus). Their distribution is only less wide than that of the
Aspergillus and the habitat is the same, i.e., straw and hay (particularly
under spontaneous heating) but in addition also hilus and leaf mould (Ref.
18). A "popular" substrate Js spoiled bread. The spores have frequently
been demonstrated in the air and are probably ubiquitous. Pulmonary
mucorwycosis is acquired by inhalation of such spores.

However, in the classical sense, it is not possible to speak of an
epidemiology of the mucorwcoees. Sensitivity and/or reduced reoistance
of the host is so obviously decisive for infection that the factor of
exposure can be disregarded. The most frequent predisposition for
pulmonary mucorugcouis are malign diseases of the heMatopoietic system
and decampensated diabetes mellitus (Refs. 3, 20, [S).

The exclusive pathogen in cryptococoous is Cryptococ-cus neoformana,
an anascosporogenic yeast, which forms a polyeaccbaride capsule under
many environmental conditions -- also in tissues. The path of entry of
the pathogen is aerogenic-pulmorawy in siet and probably practically all
wuch diseaes (Ref. 25).
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At sore given time, the lungs may be the only organ affected but
henatogenio transmission to the meninges and brain generally occurs sooner
or later and there are cases of cryptococcous meningeal encephalitis
where the primary focus is no longer demonstrable (Ref. 40).

The data on epidemiology still have many gaps althougha important
findings have been gathered in recent years. The pathogen has repeatedly
been demonstrated from soil, root juice, milk of cows with manifest or
latent cryptococcic mastitis, and, with particular constancy, from the
hardened droppings of such birds as starl ngs, canaries and predominantly
pigeons (Ref. 15, 16, 3h, 3). However, the birds themselves are not
the carriers of cryptococcosis but their droppings form an excellent cul-
ture medium which is subsequently colonized by Cryptococus neoformans.
In pigeon droppings from a sidewalk in Washington, D. C., Ref. 18 counted
fifty million propagating cells per gram. The yeasts wrre also found at
a high density in histological sections of the droppings (Ref. 18). In
the dry state, such yeasts exhibit thermotolerance and longevity un-
usually high for vegetative germs (Re. L4).

By reason of the frequent demonstration in pigeon droppings, the
New York daily press recently demanded destruction of the pigeons in the
city. Epidemiologically, such a step cannot yet be justified (Ref. 33).
In cities with many pigeons, there are on the average no more cases of
cryptococcosis than in cities with few pigeons. It was pomsible only
very infrequently to establish a credible correlation between particularly
high exposure and the illness (a case with almost confirmed source of
infection (pigeon droppings) was communicated shortly before prirting
of this article (Ref. 31). According to the present state of our
knowledge, cryptococcosis involves a sporadic infrequent illness almost
always fatal without therapy and, in ro-ughly one-third of the cases,
there exist predisposing disorders, generally malign lymphomtoses or
reticuloses such as Hodgkin's disease.

Regarded epidemiologically, a relatively frequent occurrence of
benign and clinically neutral pulmonary cryptococcoses may be suspected
(Ref. 17). Individu,l host factors probably decide whether this turns
into the progressing disease which is today the only one known as
cryptococcosis. For possible support of this hypothesis, more attention
should be given to the possibility of cryptococcosis in illnesees in-
volving contact with pigeons.

As pathogen of pulmonary cavdidiasis, I here consider only Candida
albicans which is probably responsible for xore than ninety percent of
the cases, without disregarding that some other apecies such as C.
tropicalis, C. parapeilosaj and C. peetdotropicalis may be pathogenic.
C. albicans, an anatcoeporogenic yeast forming threads (pseudoeytelimA
and mycelium) in a suitable milieu inclusive of tisauvs., is a saprophyte
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and opportunistic parasite on the mucosae of many warmblooded organisms
(Ref. 2). Within our present knowledge, there is no appreciable pathogen
reservoir in nature. Depending on the author and method, C. albicans
can be demonstrated by culture from the buccal cavity or the feces in
twenty to sixty percent of healthy individuals (Ref. 5) and not infre-
quently also from a barely inflamed vaginal mucosae particularly during
pregnancy (Ref. 12). it is probable that infection of the ncwborn child
frequently takes place during the act of birth. If subsequently a buccal
thrush or even a pulmonary candidiasis develops, we might speak of in-
fection. However, in probably all other cases, candidiasis 1s caused by
exaaLn. which have long 6ot, ivsidcr.t as zaprophytes in the patlent.

The number of the yeasts demonstrable by culture from healthy
intestinal muccosae is always relatively low. An illness is characterized
by the coincidonce of the following two conditions: (a) high increase of
the number of yeasts; (b) destructive invasion of the mucosne with the
formation of (pseudo-) mycelium (Ref. 2L). Without doubt, the first
condition may occur under treatment with antibiotics which int.crferes
with the ecoalogical equilibrium in favor of the yeasts. Sufficient
data are lacking which would indicate that the antibiotics can produce
the second condition. However, the causative facior of the invasion does
not lie in the pathogen -- whose virulence does rot change as shown by
animal experimentation -- but in the host. The Zesstance-reducing
effect of corticosteroid treatment has probably been sufficiently deP.oA-
strated. Due to the interference with cellular defense, leukemira an-l
other malign hemopathies are a further important predispositioa. The
significance of the absence of humoral resistance factors has r.Ot yet
been clarified (Refs. 21, 26).

In the practically sterile bronchial tree of tlhe Licaltly individual,
yeasts evidently do not exist. Their entry takes pacE a3 i rule can.ic-
ularly from the pharinx although a manifest ph~rg':: l thrush doe.: not
need to exist. The pathogeneis of bronchi., and e .ronar- caut.di is
has some features in common with that of ther Jnre.tina! th.iuh but is
more complicated and still insufficiently know~n. Sinle a "iabitat"
flora is absent, ecological arguments are xllj cond&tioznally applicable
and, in adAition to the general resistance-'e -cing factors (.g.,
leukemia), the local (bronchial and pulmntrar.) lactori arr. peedorinant.
Of possible significance is disturbance of the ;Jiary cv'rient. Prtmary
pulmonary candidiasis without predisposition is probably Infr6quent.

I am disregarding pulmonary mycosia whic.h o-.curs only raroly in
Central Europe (e.g., geotrichois, allescne-iwis) or which are endemic
on other continents and are observed by utia v r imnigrant3 and re-
turning emigrants. I shall only point cit that a suspocted histoplasmosis
was demonstrated in a badger near Ber, bosu y-s zgo (Ref. 6) so that
the occurrence of autochthonous histopladmoois in an ins posdib±i-. Con-
firvd autachthonous cases in man have becwom knmsi .om upper Italy
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(Ref. 11). Histoplasma capsulatum inhabits the soil and the path of
infection for man and animal is a erogenic (H. capoulatum was isolated
from the soil in the vicinity of Bologna very recently Ref. L2).

Laboratory Diag.ns is

Culture and identification of the pathogens of pulmonary mycooiq
presents little difficulty in the mycological lanoratory. Due to the
relatively slow rate o growth of many fungi, the result takes longer
than customary in bacteriological diagnosis. Nct only to save timo but
for much more important reasons to which I shall return, primary cultures
for ingi should be started in the clinical laboratory. For most purposes,
slant-agar tubes with Sabouraud agar incubated at room temperature and
the same tubes with brain-heart blood agar incubated at 370 C (Table 1)
are satisfactory. It is recommended to add antibacterial antibiotics
(100 units penicillin and 200 meg streptomycin per ml or L0 mcg chloram-
phenicol per ml of nutrient medium). However, we must urgently warn
against the addition of actidione or the use of commercially available
nutrient media for fungi which contain this antibiotic, toxic to
Cryptococcue neoformans, Aspergillum and Mucoraceae. Tubes exhibiting
fungoid growth can be sent for further investigation to the s~cological
laboratory.

Table 1

Simple Culture Media for Isolating Pathogens
of Pulmonary Myrcosis

(Sant-agar tubes; distribute sputum specimen to optimum
ivm',.r of tubes; eventually homogenize specimen with 1%
p ,c-eit.: from Fluka AG, Buohs SO)

Srbqrrud glucose agar Brain-heart blood
(room temperature) agar

Glucose 20.0 (Incubator at 370 C)
PpOW1 10.0 basic medium from Difcc
Apar 25.0 (B 11l8 ) about l10 blood
Distilled watef- 1000.0 (e.g. stored human blood)

Addition of ei'.her 100 units penicillin and 200 y stroptom-rcin/ml
(prior to solldifiratlo) or of LO r" chloramphenicol/ml (can be
set in autoclave,). No actidione' (Do not use Mycobiotic Agar
fror. Difco cy" Itrcele from BBL). If not only fungi but also
Nocardia spscies among the bacteria are to be detected, penicillin,
streptomycin and chl-7ramphenicol must not be employed. Cultivation
of Actinovwvev. israelil (*lso a bacterium) presupposes anaerobic
conditions.
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Although reliable diagnosis of a NAngoid disease rcquiros identi-
ficstion through culture of the pathogen, the value of ouch identifica-
tion should not be overestimated. Successfnil culture and accurate de-
termination of a possible pathogenic ircosis in many cases proves nothing.
This holds true particuIA-ly for candidiasis since its pathogons so fro-
quently exist already in the healthy individual. For aspergillosis and
mucorrycosis, demonstration by culture of the pathogen in the sputum
may be difficult or fail for anatomic and other reasons, even with the
existenoe of the disease. On the other hand, we must take into account
the possibility that the ubiquitous spores of these moulds have roached
the mucosae vitho_ , producing infection, or that the specimen material
has become contaminated through the aerogenic path after having boon
procured. In all these cases, it must be aemonstrated that the fungi
have entered the tissuec nd havs heroe rt tyd in vital reactions Whic
is obvoesly easy tith specimens from autopsy, surgery and biopsy. In
the b itological preparation, the fungi cannot only be easily seen with
appropriate staining but can generally also be identified by species of
family on the basis of morphology and behavior. The task of the inve3tiga-
tor then lies in correlating the finding from the culture with a corre-
sponding morphological finding. In any case of doubt, the latter is the
better proof. If no histological examination is possible -- which is the
rule in the clinic -- the former can be replaced to a certain extent by
the so-called direct-microscopic examination of the smear or macerated
preparatinn. The latter should definitely be started and evaluated in
the clinical laboratory but with fresh material (cf. Table 2 - Morpho-
logical Diagnosis of Aspergillus, Mucoracese and Candida in the Tissues;
Ref. 20).

Further important indices i r analysis between host and parasite
can be furnished by serological examination (Ref. 35). Unfortunately, no
such well standardized serological methods as for coccidioidoriycosis and
histoplasmosis are available for domestic pulmonary crcosis. Evidently,
clinical and roentgenological findings must also be considered.

Animal experimentation is of practically no value for diagnoais
of the m-ooses discussed here, either for isolation of the pathogens nor
for the determination of their pathogenic significance. Pathogenicity
for certain laboratory animaln is a species characteristic of these fungi
which is found both in strains cultivated from non-living substrates and
in strains having caused fatal mycosis. Animal experimentation con-
sequently does not permit any decision whether strains isolated from
pathological material were, in the respective cases, pathogenic, barmless
incidental germs or "contaminants." Only a few more remarks are necessary
on laboratory diagnoei of the individual diseases.



Table 2

Direct-Mic rosc opic Demonstration of Plabonary Ycosis

Very simple method:

KOH (NaOH) 10% or 20N (heat material in lye between slide
carrier and cover slide, preferably leave to stand in moise
chamber).

Oram

Loeffler's methylene blue

Relatively simple:

FXA frc. Feit'0hkiss and McManus (Schiff's reagent obtainable
from Merck, Darmstadt)

Best but relatively complicated:

Gomori's methenmaine silver.
Cover all preparations and examine with medium to high
drying system.

Criteria for diagnosis of bronchopulmonnry aspergillosis ha.e been
quite clearly defined by French (Refs. lb, 30, ,8) and Lnglish author3
(Refs. 8, 22, 29). As shown in Table 3 preparL by no on the ba3is of the
exemplary work of Ref. 8, two laboratory findinFs are curnlativuly positive
in bronchopulmonary "aspergillom": A. furuigatus in the sputuim culture
and the precipitin test with serum. Diagnosis of allergic bronchial
aspergillosis is supported by the coincidence of positive sputun calture,
positive skin reaction to scarification with an extract of A. fumigatus,
volatile lung infiltrates, and eosinophilia of blood and sputum. It
should also be noted that a positive sputum culture alone does not pormit
assumption of aspergillosis and, inversely, that the spitum culture -.ay
be negative when the disease exists, e.g., if an "asporgilloni" has lost
the open connection with a bronchus or if it ha3 died off. In reCard to
the two additional forms of bronchopulmonary aspergillosis not incllied
in Ref. 8, non-allergic bronchial aspergiUosis and pulmonary asporgillosis
(classification from Refs. 23, 39, 7), there aro as yet no pro:cd scro-
logical methods but a positive procipitin test may be expected in active
and recent cases (Ref. 8) (Precipitin Test and Manufacture of the Skin-
Test Antigen, of. Table I).

The direct-microscopic demntration of Asporgillus elements in
the sputum is even less frequently successful than by culture. Inversely,
a positive direct preparation may be regarded as pathognomic (Fig. 1).
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Table L

Serolcgical and Alergcc'ical Tests
for Bronchopulmonary Asport-;ilols

Agar-gol precipitin test: ship patients' ern to Dr. E.
Drouhet, Service de Mycologie, Inatitut Pasteur, Paris

Or to Dr. J. Pepys, Institute of Chret Discases, )C,
Clinical Ir'aniology Reaearch Group, London

Scarification skin t'et with A.-LNzniFatus extracts antigen
available from Duncan Flockhart and Cornpany, Edinburgh

* Another itation has recently been opened in the "Basler
Heilatatte" in Davos Dorf (Dr. R. de hailer).

* - ., . " -/ #
,\ " .' *. ' .,. , " , .. ' - ,

. . p._ . ;* . '

Firure 1. Bronchial Secretion of Fermale Patient with Cm
Bronchopulmonary Aspergillom. Threads of Aspergillus
fumigatus with typical aeptatin and forked ramification
(KOH preparation, phase contrast 500 x)

Mucorr-cosea of the lungs have so far boon diagno3d very raroy
in the living individual but only in or after autopsy. Chcrotheraputic
animal experistntation and observation in patisnts with rhinocerebral
=icorvycoais (Ref. 7) hold out the hope that a therapy with amphotericin

B, in the particularly rapid and malign course of pulmonary forms of the



mycoois, will not be futile if tho dinc ncsis wure made early. It may be
assumed that the characteristically broad, either not at all, or very
little, septate fungus threads could be demonstrated in the sputum,
perhaps best by potash-lye preparations (such a preparation from a

shinocerebral illness is sriown in the handbook (Ref. 19); Fig. 2 shows
the kidney of a mc-use with experimental mucorTcosis). It should

generally also be possible to cultivate a species of Abaidia, Rhizopus
or Mucor. In some autopsies of man and aninal, however, the cultures
did not take despite massive direct-microscopic findings. Sirilar and

so far unexplained failures ar known from literature (Ref. 13). At
the prepent time, no aerological test methods exist for mucormorcosis.

Figure 2. Kidney of Mouse with Experimental Mucormrcycosis.

Broad, irregular, rarely septato threads of Absidia
Corymbifera (KCH preparation, phase contrast 250 x)

Demonstration throigh culture of Cryptococcus neoformnans from

sputum should in principle present no difficulty. In practice, it always

demonstrates the existence of a cryptococcosis. Apparent '_y, the distribu-
tion of the pathogen in pigeon droppings, etc., is not sQ wide that we

need to consider a "wrong positive culture" rs with aspergillosis and

mucormycoois. Direct-micros opic examination permits earlier diagnosis
although not with complcte reliability (Ref. 37), provided obviously that

the sputum contains a sufficient number of gerns. The mucous capsules

easily shown in India-ink preparations are almost conclusive for Crypto-

coccus neoformans. Ropeatedly proved has been the India-ink method for

diagnosis of cryptococcus from cerebrospinal fluid (Ref. 4). Fig. 3
shows a preparation from the peritoneal exAudate of at. experimentally
infected mouse. When examiing sputum, it is recorsended to add the

India ink only after maceration of the material with 10% lye. There

are ocoluded forms of pulmonary cryptococensix where demonstration of

- 10 -



the pathogen is successful only by (e.g., bronchoscopic) biopsy (Ref.
37). Actually effective serological test methoda are not yet available
in spite of intensive efforts (Ref. 36). Overlooking cryptococcosis in
the clinic is today of narticularly grave consequence since it is possi-
ble in principle to save the life of the patient by treatment with
amphotericin-B.

Figure 3. Peritoneal Exsudate of Mouse with Zxperimcntal
Cryptococcosis. Encapsulated yeasts of Cryptococcus
neoformans (India-ink preparations, ca. 650 x).

Among all the pulmonary mycoscs, candidiasis is by far the most
difficult to diagnose. That C. albicans occurs in the healthy buccal
cavity and may reach the sputum, has already been pointed out. HRoever,
the situation is even further complicated since C. albicans is found not
infrequently in the pathological bronchial tree? where it is impossible
to assume even a secondary candidiasis (Rcf. 37). Although it is to be
preferred, bronchoscopic procurement of secretion does not furnish any
absolute solution of the problem. Since a positive culture may arise
from one single yeast, this single fact obviously means very little.
Between bacterial count and pathogenic significance, however, there
exists a certain relation so that very dense growth of colonies on solid
nutrient medium merits increased attention, provided that the smear ob-
tained constitutes completely fresh mater-ial. In a recent cornmunication
from Portugal, a method of culture is described for determining, in thepancreatin -digested sputum, the bacterial count of C. albicans per gram
of mzterial (Ref. 1). It is to be hoped that this method will make it
possible to develop the relevazit threshold values. Quantitative indices
are also furnished by the direct-microscopic preparation (Fig. 4 - Grtam
Preparation; unstained and/or potassium-hydroxide preparations are also
effective; Ref. 40). As compared to the culture, the preparation has
the advantage of leseer sensitivity and only such a preparation makes
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possible differentiation between yeast forms and threads (pseudoyrceliUn
and mycelium). Threads are relatively significant since they are formed
primarily upon penetration of the tissues (Fig. 5).

'I 4

t' "

" I

Figure . Candida Albicans in Human Sputum. Yeast forms
and threads (gram staining; from Conant et al., Manual of
Clinical Mycology, second edition, Philadelphia, Saunders
Publishing Company, 195L).

4o
0

a .s x).

"'%.1 2"

Figure 5. Pulmonary Candidiauis with Leukemia (from autopsy .
at Pathological-Anatouzical Institute of Basel University).
Candlda albicans enters alveolar wall with formation of
threads (PAS staining, 200 x).
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During storing or shipping of -putum, a hAgh increase of the yeast
and even the formation of threads may take place (Ref. 19) and it is
therefore most important to prepare the smears without delay in the
clinical laboratory. A personal com-unication informs me of the following
findings. In a smear of completely fresh sputum, six individual yeasts
of C. albicans were counted per fifty fields of vision. In preparatioiw
made from the sane stored sputum on the second day, six hundred six
individual yeasts and thirty-seven small or large groups of yeasts and
threads were noted per fifty fields of vision.

In present opinion, serological tests for diagnoais of pulmonary
candidiasis are almost useless. It is unfortunately true that we still
not have availab~e any standardized methods but the possibilities of
serology so far have not been exhausted by any means. Here it is not
u opinion primarily that new serological methods are required but that
the existing methods should be applied sufficiently consequently and
widely in order to define their value as indicator. It has already
beccme apparent that agglutination titers bcyond 1 : 160 have signifi-
cance (Ref. 37) and the precipitation test appears to be of particular
value according to some recent work (Ref. 46, Table 5). I-dth a suffi-
ciently strcrg long-range interest in a large medical center and with
Close cooperation by clinicians, microbiologists and serologists, it
will be possible to improve the diagnosis of pulmonary candidiasis to
the sam extent &3 for pulmonary aspergillosis, due to the effo-ts of
French and English teams.

Table $

Serological Tests for Pulmonary Candidiasis

AZ'lutination test
Compleent-binding reaction
Precipitin test (tubes)

Ship patients' sera to

Dr. . Seeliger, Institute for Hygiene and Microbiology
of Wurzburg University.

Extra-European pulmonary mycoses should be considered by is for
immigrants, tourists, foreign students and others and the occurrence of
histoplasmosis in upper Italy has been confirmed. Consequently, Table 6
has been added from which sources for skin-test antigens and some labora-
-ories for the serology of these diseases can be found.

- 13 -
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Table 6

Allergologic and Serologic Tests for Extra-European
Pulmonary Mycoses; Sources of Skin-Test

Antigens and Serological Laboratories

Coccidioidoncosia Cutter Laboratory, e.g., Co-nunicable
Berkeley, California Disease Center,

U.S. Department of
Histoplaimosis Parke Davis Health, Education

North American and Welfare,

blaatov7cosis Parke Davis Atlanta 22, Georgia

South American Dr. C. Fava Netto,
blastomyanosis Parke Davis (sic] Department of

Microbiology and
Irmwnology F.MUSP,
Sao Paulo (also for
precipitin test)

(Centrifuge patients' serum, add merthiolate 1 : 10,000,
ship in fused ampulla by air mail, enclose clinical and
*piderlological data.)
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